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Abstract 
 
Exploration of an unknown area is an important topic in multi robot system. Due to its various applications it gains the concern of various 
researchers. In this paper an approach that is based on circle partitioning method for workload sharing is proposed. Unknown area is 
partitioned into sub regions equal to the number of available robots, each robot is assigned to different sub region and then the team of 
mobile robots starts exploration. The aim is to decrease the exploration time. A popular concept for the exploration problem i.e. based on 
the notion of frontiers has been used. The proposed algorithm has been tested in a set of environments with different level of complexity 
depending on number of obstacles. This can be used in real world for search and rescue operations where time is a major constraint. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. INTRODUCTION 
Due to the various advantages over humans, robots are used for performing complex tasks like inspection of hazardous 
areas, reconnaissance and surveillance, planetary exploration [1], search and rescue [2], environment monitoring and 
planetary operations and cleaning [3]. In order to provide efficient multirobot exploration proper coordination and 
cooperation is needed. Many approaches like line of sight and leader-follower [4], Frontier and utility, market principal, 
graph theoretic  has been proposed for multi robot area exploration.  
By using the multi robotics system it is relatively easy to achieve speed, accuracy, reliability and fault tolerance. In multi 
robotics system many issues arise that affect the overall performance of the system like coordination, cooperation, 
redundancy coverage, collision avoidance, communication among the robots. In this paper an approach is proposed for 
multi robot area exploration of an unknown environment i.e. based on the circle partitioning method. 
The rest of the paper is organized as following: Section II describes the related work. Section III describes the problem 
formulation. Section IV presents methodology for Area exploration.  Section V presents the simulation result using java 
applets. To conclude the paper, Section VI outlines the research conclusions and future work. 
2. RELATED WORK 
Yamauchi, B. (1997) [5] proposed simplest exploration method i.e. based on the concept of frontiers, boundary between 
open space and unexplored space. The approach considers only a single robot. In 1998 B. Yamauchi (1998) [6] extends pre- 
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-vious approach to multirobot area exploration. 
In [7] an approach based on the bidding for choosing the frontiers have been proposed. . In [8] a new, totally distributed 
bidding algorithm is developed, which maximizes the net gain - a weighted combination of the information gain, the 
travelling distance and the nearness measure. It overcomes the problem of information inconsistency caused by 
communication delay. In [9] a behaviour-based architecture is designed to guide the robots in a decentralized fashion in 
order to explore the environment and maintain local short-range communication in a mobile ad-hoc network. In [10] an 
approach to minimize the overall exploration time and making it possible to localize fire sources in an efficient way was 
proposed. In [11] a frontier-based algorithm i.e. based on a new bidding function is proposed a special parameter to decrease 
the overlap between the robots is introduced in addition to the utility and cost parameters. In [12] distributed frontier-based 
map exploration algorithm using Particle Swarm Optimization model for robot coordination is proposed. 
In [13] a coordination algorithm that requires the k-mean algorithm to divide the unknown space into as many regions as 
available robots was proposed. In [14], Voronoi-based partitioning algorithm was used to divide the unknown space. In [15] 
a spatially distributed algorithm is proposed that allow a team of agents to compute a convex and equitable partition of a 
convex environment. 
In [16] an approach based on the genetic algorithm for path-planning was proposed algorithm for local obstacle 
avoidance (local feasible path) of a mobile robot in a given search space. The algorithm tries to find a valid as well as an 
optimal path. In [17] an approach based on parallel differential evolution algorithms was provided for the co-operative 
multi-robot path planning problem .In [18] an approach using Genetic, ANN and A* algorithms was proposed that finds the 
nearly most optimal path of the robot .In [19] an approach based on MNHS for Robot Path Planning was proposed to make 
the problem robust against the uncertainties that might arise like the sudden discovery that the path being followed does not 
lead to the goal. In [20] algorithm for optimal path planning that chooses the shortest route with minimum energy 
consumption was proposed. In [21] focused wave front expansion algorithm based on wave expansion approach for path 
planning of robots was proposed that focuses on expansion of some waves instead trying to expand the entire waves. This 
avoids full wave expansion  
K-means uses an iterative computation technique to calculate the centroids at different stages thus involving 
computational complexity as well as requiring lot of time whereas the circle partitioning method mentioned in the paper 
reduces the computational time to a great extent thus making this method more favorable in situations where time is an 
important factor. 
 
3. PROBLEM  FORMULATION 
This section describes the nature of the problem and assumption that has been made. Our goal is to explore the 
environment with the team of mobile robots. Stationary obstacles of different shape and size are placed in the environment. 
It is assumed that each robot has the localization and mapping capability means each robot is able to localize itself. 
Environment is a finite workspace and shape and size of the workspace is predetermined. The environment is modelled as a 
2D occupancy grid. During the exploration each cell will have one of the following states: 
 
x Unknown: Occupancy of cell is not known yet 
x Free: Cell is not occupied by any obstacle 
x Occupied: Cell is occupied by an obstacle 
 
The main task is having the cells of the map being traversed by the robots at least once. Robot is taken in square form its 
dimension is set as size of grid cell. Robot uses its sensing range to find out the status of the cell.  
4. METHODOLOGY 
Our proposed approach basically deals with the environment partitioning to complete the exploration as early as possible. 
First area is divided into logical subareas using circle partitioning method then robots are assigned to these logical subareas 
and they start the exploration within their logical subareas. To explore the area robots need to move towards the frontier 
cells. EA* algorithm is used for path planning [22]. 
 
 
4.1 Environment partitioning  
Environment to be explored is partitioned, so as to divide the whole area in the logical subareas. Because of division 
higher degree of dispersion is achieved among robots. An approach for environment partitioning is used i.e. based on the 
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method of circle division. Taking centre of the area as centre of the circle we form a circle that covers the whole area and 
then divide this circle into number of parts as available robots. With the help of circle division the area is divided in 
approximately equal parts. Robots are assigned to each subarea randomly. 
 
4.2 Subarea Coverage 
To provide efficient subarea coverage robots should keep moving to frontier cells and recording terrain of the neighbour 
cells until no frontier cells left in the same subarea. The cell currently occupied by the robot is marked as free cell, which 
means it has been covered. Within the surrounding unexplored cells, the cells occupied by obstacles are marked as wall cell 
and cells that are not occupied by obstacles are marked as frontier cells. In order to explore the complete subarea robot 
move towards frontier cells based on EA* Algorithm [22].The exploration state is ended when there is no frontier cell left in 
the local subarea. 
5. EXPERIMENT RESULTS 
The algorithm is tested using Java. Input of the map is given in the form of image. The proposed algorithm has been 
tested with a set of environments shown in Fig.I with different level of complexity depending on number of obstacles. 
Experiment was conducted with equal velocities for all robots. 
 
                 
 
(a)                                                                          (b) 
Fig. I. Simulation Environments (a) Map-1 with less obstacles (b) Map-2 with complex environment with more obstacles 
 
The parameters used in experiment are shown in table 1. 
 
Table 1. Parameters used in experiment 
 
Parameters Value  
Map Size 100*100 
Robot Sensor Range 8 cell units 
Team Size 4 robot 
Robots initial Location Randomly selected 
    
We have compared results of our algorithm with k-means algorithm. Fig II (a)-(b) and shows the map coverage using 
circle partitioning and k-mean for map-1respectively. 
 
            
 
                                                                                     (a)                (b) 
Fig II. (a)  Map Coverage by circle portioning for Map-1. (b) Map coverage by k-mean for Map-1 
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    Fig III (a)-(b) and shows the map coverage using circle partitioning and k-mean for map-2respectively. 
 
 
   
 
                                                                   (a)                         (b) 
 
Fig III. (a)  Map Coverage by circle portioning for Map-1. (b) Map coverage by k-mean for Map-2 
 
            Table 2. Comparison of two methods 
  
                 Partitioning Methods 
Maps Circle  Partitioning K Mean 
Map-1 6 min 8 min 
Map-2 9 min 10 min 
 
From the results, it is observed that exploration using circle partitioning requires less time as compared to k-means 
algorithm.  
 
6. Conclusions 
We have presented a novel approach for multirobot area exploration; our main concern is to explore the environment as 
early as possible. An approach i.e. based on the circle partitioning method for environment partitioning is presented in order 
to maximize the robot dispersion in the team of mobile robot. The proposed algorithm have been tested with a set of 
environments with different level of complexity depending on number of obstacles, simulation and experimental results of 
the proposed exploration method illustrate that using circle partitioning method team of mobile robots required short period 
of time to complete the exploration. This is mainly due to the reason circle partitioning method does not required to 
calculate the distance of all point from the  centroids. 
The work can be extended for the real world environment. We shall deal with different shapes of environment and 
consider the limited communication range. 
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